INTRODUCTION
The advent of antiretroviral therapy (ART) has led to decreased morbidity and mortality in people with HIV/acquired immunodeficiency syndrome (AIDS) (PWHIV). From 1999 to 2011, the rates of all-cause death in this population decreased from 17.5% to 9.5%. 1 Because PWHIV are living longer with better controlled HIV, they are experiencing higher incidence of chronic and age-related diseases like cancer. The burden of cancer in PWHIV has increased over time, 2, 3 and cancer has now become a leading non-AIDS cause of death in the HIV population. 1 Cancer epidemiology among PWHIV has shifted since the introduction of ART. 4 Over a 10-year time period in the United States, rates of AIDS-defining malignancies, including Kaposi sarcoma, non-Hodgkin lymphoma, and cervical cancer, decreased, whereas rates of many non-AIDS-defining malignancies (NADMs) substantially increased. 2 Lung cancer is the most common NADM in PWHIV, accounting for 20% of the cancer burden. 2 Of the other NADMs with recommended screening guidelines, breast cancer constitutes 7%, prostate cancer constitutes 6%, and colorectal cancer constitutes 6% of cancers in PWHIV (Fig. 1) . 2 Compared with the general population, PWHIV have a decreased risk for some of these screen-detectable cancers (Fig. 2 ). This may be underdiagnosis from inadequate screening; however, little is known about the utilization of cancer screening among PWHIV.
Unfortunately, PWHIV have worse cancer survival, 5 in part because of their later stage at presentation compared with their uninfected counterparts. 6 Although differences in survival persist even when factoring in cancer stage at diagnosis, detecting disease at a later stage leads to more complex treatment approaches and worse survival. Thus, the Cancer March 15, 2019 utilization of age-appropriate cancer screening may improve outcomes for PWHIV. In the current systematic review, we summarized the available literature on disparities in cancer screening for NADM among PWHIV to highlight opportunities to improve cancer diagnosis, treatment, and outcomes for this special population.
MATERIALS AND METHODS
A comprehensive literature search was performed to identify any published article that compared cancer screening for NADMs in PWHIV with an uninfected population. We searched the PubMed, Cochrane, and EMBASE databases using the following key terms: cancer/ neoplasm/ malignancy, screening/early detection of cancer, HIV/ AIDS, and health care disparities/barriers. We searched for unpublished studies using the US National Library of Medicine of the National Institutes of Health ClinicalTrials.gov registry. The search was limited to adults and included English-language studies done in high-income countries that were published after January 1, 1996. This date was chosen because ART became widely available in 1996. We defined high-income countries using the United Nation's classification list. 7 We included all study types given the paucity of data on cancer screening in this population. We excluded pediatric studies and studies that focused on AIDS-defining malignancies. For a more detailed overview of our eligibility criteria and search strategy, see Supporting Tables 1 and 2 .
All titles and abstracts were reviewed independently by K.L.C. and K.C.W. to determine eligibility using our predetermined inclusion criteria. Articles that Cancer March 15, 2019 met possible inclusion through initial screening were subjected to dual, independent, full-text review by K.L.C. and K.C.W. to assess for eligibility. Discrepancies were further reviewed for consensus. We evaluated the results of all studies that met our inclusion criteria. Specifically, we extracted descriptive data on the study design, size, population, intervention, comparator group, and outcome. We also extracted data on the reported proportion of HIV and non-HIV participants who underwent cancer screening in each study. Studies were pooled for comparison according to cancer type.
We evaluated the quality and risk of bias of the included publications using the Newcastle Ottawa Scale (NOS) for evaluating nonrandomized studies. 8 The studies were rated as good quality if they met 8 or 9 of the 9 NOS criteria, fair quality if they met 6 or 7 of the 9 NOS criteria, or poor quality if they met less than 6 NOS criteria. For more information regarding quality designations for the studies, see Supporting Table 3 .
RESULTS

General Description of Studies
In total, 613 unique articles were identified through the search (Fig. 3 ). Of these, 31 were potentially relevant and subjected to full-text review. Nine studies met full eligibility criteria for the current systematic review. Figure 3 illustrates the study selection process and includes exclusion reasoning at the full-text review stage. Of the 9 included studies, 3 addressed breast cancer screening, 4 addressed colorectal cancer screening, and 2 addressed prostate cancer screening. Although many studies have analyzed screening for anal cancer, those studies did not calculate screening rates or did not include uninfected population comparators and thus did Cancer March 15, 2019 not meet our inclusion criteria. No studies that addressed lung cancer or other non-AIDS-defining malignancies met our inclusion criteria. Characteristics of the included studies are described below, grouped by cancer type.
Breast Cancer
Three studies assessed breast cancer screening among HIV-infected and uninfected patients (Table 1 ). 9-11 Two studies were cross-sectional, and 1 used a prospective cohort design. All 3 studies were scored as good quality. One study defined breast cancer screening as biennial mammography starting at age 40 years. 9 For the remaining 2 studies, breast cancer screening was defined as biennial mammography starting at age 50 years. 10, 11 All 3 studies designated women who had a screening mammogram in the 2-year timeframe surrounding the study period as being up-to-date with breast cancer screening. The studies were done in 3 different countries: the United States, France, and Canada. The French study population was limited to individuals living in metropolitan areas, whereas the US and Canadian study populations Cancer March 15, 2019 were more geographically diverse. The Canadian study included women at "average" risk of developing breast cancer, and the US and French studies included women with any baseline cancer risk, including high-risk women. Across all 3 studies, the results were inconsistent; 2 of the studies indicated that HIV-infected women were screened less often, and 1 indicated that these women were screened more often than uninfected women. In 2002, Preston-Martin and colleagues analyzed breast cancer screening among women aged 40 to 73 years who lived in the United States. 9 Their study included 2059 HIV-positive women and 569 HIV-negative women and the results indicated that a higher proportion of HIV-positive women received breast cancer screening (67% vs 62%, respectively). A second study enrolled women aged 50 to 75 years who lived in metropolitan France (225 HIV-infected women and 661 women from the general population). 10 That study revealed that a lower proportion of HIV-infected women received breast cancer screening compared with women in the general population (81% vs 89%, respectively). The third study analyzed breast cancer screening among women aged 50 to 74 years in Ontario, Canada.
11 Among 623 HIV-positive women and 1,446,392 HIV-negative women, fewer HIV-positive women had breast cancer screening than HIV-negative women (50% vs 63%, respectively; P < .05).
All 3 studies identified factors beyond HIV status that were associated with breast cancer screening. Women with insurance, medical comorbidities, recent physician visits, receipt of other preventative care, and dental care were more likely to have up-to-date breast cancer screening. [9] [10] [11] These studies also identified factors specific to women with HIV that were associated with decreased breast cancer screening, including low/intermediate education level, irregular gynecologic care, a CD4 count <500 cells/mm 3 , and having a nonfemale primary care provider.
10,11
Colorectal Cancer
Four studies assessed colorectal cancer screening among HIV-infected and uninfected patients ( Table 2) .
12-15 Two of those publications were cohort studies, and 2 were casecontrol studies. Three studies were done in the United States, and 1 was done in Canada. Two studies were performed at Veterans Affairs (VA) medical centers, 1 was done at an outpatient primary care clinic, and 1 was done using a general medical record database review. All 4 studies were evaluated as fair quality. To fulfill up-to-date screening criteria, colorectal cancer screening was defined as a fecal occult blood test in the past year, flexible sigmoidoscopy in the past 5 years, an air-contrast barium enema in the past 5 years, or colonoscopy in the past 10 years. There were 2 exceptions to this screening definition. Guest et al did not include air-contrast barium enema as a colorectal cancer screening test, 14 and Antoniou et al required that all endoscopic tests had to be done within the past 5 years. 15 Two of the studies included patients who had an "average" or "high" risk of developing colorectal cancer, 1 study included only average-risk patients, and the final study included individuals with any baseline cancer risk.
The results were inconsistent across the 4 studies. Two studies indicated that the HIV-infected population was screened less often, 1 reported similar screening proportions, and another indicated that HIV-infected individuals were screened more often than the general population. The first study evaluated the proportion of HIV-positive individuals and matched controls from an outpatient VA clinic who were aged ≥50 years. 12 That study included 302 HIV-positive patients and 302 matched HIV-negative controls and demonstrated that there was a lower proportion of HIV-positive patients who were up to date with colorectal cancer screening according to the recommended screening intervals in place at the time of the study (49% vs 66%, respectively; P < .05; note that screening guidelines have changed since that study). Subsequently, Iqbal et al compared screening among 114 HIV-infected and 91 non-HIVinfected individuals aged ≥50 years. 13 Their study indicated that a lower proportion of HIV-infected individuals received colorectal cancer screening compared with non-HIV-infected individuals (41% vs 67%, respectively; P < .05). More recently, Guest et al included 942 individuals with HIV infection and 942 matched controls without HIV, all aged ≥45 years, and observed that the proportion of patients with HIV infection who received colorectal screening was similar to that among the controls without HIV (51% vs 48%, respectively).
14 The final study analyzed screening proportions between 1432 HIV-positive men and 742,369 men without HIV aged 50 to 65 years who received care in Ontario, Canada. 15 That study indicated that HIV-positive men had a higher proportion of colorectal cancer screening compared with their uninfected counterparts (49% vs 41%, respectively).
These studies also discovered additional factors that contributed to colorectal cancer screening. HIV-infected individuals with a detectable viral load, younger age, no family history of cancer, no comorbidities, and <10 physician visits over 2 years were less likely to be screened for colorectal cancer. Cancer March 15, 2019 Prostate Cancer
Two studies reported on prostate cancer screening among HIV-infected and uninfected patients as secondary outcomes (Table 3) . 16, 17 Because the primary objective of those studies was not to assess screening itself but, instead, to analyze the relatedness of low prostate cancer incidence to low cancer screening rates among PWHIV, they did not fulfill as many of the NOS quality criteria used in the current review. One study was evaluated as poor quality, 16 and the other was evaluated as fair quality. 17 Both were cohort studies set in the United States and included individuals with any baseline cancer risk. One study 16 used any prostate-specific antigen (PSA) test in the patient's record during the study period as a measure of prostate cancer screening, and the other study 17 used the first PSA test done in the study period that was not followed by a prostate biopsy as the screening measure. The study populations differed vastly between the 2 studies; 1 used a low-income population, and the other used a population that had health insurance and better health care access. Neither study explored other factors beyond HIV status that were associated with prostate cancer screening.
The 2 studies produced different results; 1 study indicated that HIV-infected men had higher screening proportions, whereas the other indicated that these men were screened less often than men in the general population. The first study compared longitudinal data from a cohort of 721 low-income, HIV-infected, African American men with data from 49,315 men in the general population who participated in the 2001 Behavioral Risk Factor Surveillance System survey conducted by the US Centers for Disease Control and Prevention. 16, 18 The study indicated that, among men aged ≥40 years, a lower proportion of HIV-infected men received screening compared with men in the general population (19% vs 57%, respectively). More recently, Marcus et al analyzed prostate cancer screening in 17,424 HIV-positive and 182,799 HIV-negative men who were enrolled in Kaiser Permanente. 17 Their study indicated that a higher proportion of HIV-positive men received prostate cancer screening by age 55 years compared with HIV-negative men (91% vs 86%, respectively; P < .05).
DISCUSSION
Non-AIDS-Defining Cancer Screening Disparities
To our knowledge, the current systematic review is the first to compile and compare studies that assessed Cancer March 15, 2019 screening for NADMs among HIV-infected and uninfected cohorts. Across the 9 included studies, there was no consistent difference in cancer screening between PWHIV and uninfected individuals. Instead, screening differed according to cancer type, education level, insurance status, income level, the presence of comorbidities, and the number of visits to health care providers. This suggests that HIV status alone may not negatively influence cancer screening. However, several other factors, such as low income and education, as well as underinsurance, which are more prevalent in the US HIV-positive population, could explain the underutilization of cancer screening.
In this review, we also identified gaps in the available literature. Although many studies have analyzed screening for AIDS-defining malignancies (eg, cervical cancer) and historically common NADMs (eg, anal cancer), data were scarce on screening for other NADMs. [19] [20] [21] [22] [23] One significant gap in the literature was the absence of studies focused on lung cancer screening in the HIV/ AIDS population. This is concerning, because lung cancer is among the most common cancers in PWHIV, who are more likely to smoke, less likely to receive lung cancer treatment, and have higher lung cancer-specific mortality compared with the general population. 24, 25 Although non-AIDS-defining malignancies have increased in prevalence among PWHIV over the past 20 years, research on NADM screening in this population is limited. Future studies should investigate whether the current cancer-screening recommendations aimed at the general population are adequate for the HIV-infected population and whether HIV specialists, who often serve as primary care providers for PWHIV, are offering cancer screening at appropriate intervals.
Breast Cancer Screening in PWHIV
Disparate results for breast cancer screening between PWHIV and the general population may reflect issues related to setting and population. The studies were performed in different countries (France, the United States, Canada), and each had differing access to care and established screening guidelines. In the French study, much higher percentages of both HIV-infected and uninfected women underwent breast cancer screening compared with women in the United States and Canada. In France, breast cancer screening is fully paid for by public health insurance, and reminders are sent to women aged 50 to 74 years. This system has been associated with high rates of cancer screening and may account in part for the differing degrees of breast cancer screening between France, the United States, and Canada. 26 In addition, different age ranges and baseline risk profiles were used in the studies. The studies that used a wider age range and included individuals at a higher risk for breast cancer may have had increased screening proportions. All 3 studies identified characteristics that were associated with higher screening rates for women with HIV, including the presence of health insurance, more annual primary care visits, and a woman primary care physician. Although PWHIV are more likely to be uninsured or underinsured, 27,28 they may have a higher number of annual visits as part of routine HIV care, which may lead to improved cancer screening. In addition, Tron and colleagues and Kendall et al identified specific barriers for screening among women living with HIV, including low educational background and low income level. 10, 11 These challenges are identical to those identified in the review by Lambert et al, who studied barriers to cervical cancer screening among women with HIV. 22 Thus, social determinants of health play a major role in the receipt of cancer screening among HIV-infected women and may contribute to disparities in cancer care.
Colorectal Cancer Screening in PWHIV/AIDS
Although all 4 studies that analyzed colorectal cancer screening were designated as fair quality, the results from those studies should be reviewed with care. The studies by Reinhold et al and Guest and colleagues were both performed at VA medical centers. 12, 14 The results from those studies may overestimate screening rates because of universal health coverage and high compliance with colorectal cancer screening in VA clinics. 29 In addition, Antoniou et al could not distinguish between coding for diagnostic and screening endoscopic tests; therefore, the results from their study likely overestimate colorectal cancer screening rates. Although all 4 studies that assessed colorectal cancer screening used similar age ranges for their populations, they used different baseline risk profiles. The studies that analyzed populations with a high risk of developing cancer likely observed greater screening proportions than studies that did not include high-risk patients. These differences in patient populations and issues with data quality may account for the differing conclusions in these 4 studies.
Two of the studies, which were conducted in populations from a local VA clinic and a community hospital, indicated that HIV-infected patients are less likely to be screened for colorectal cancer. 12, 13 There are several potential explanations for this observed lower proportion of colorectal cancer screening among PWHIV. colorectal cancer screening as well as lack of time and low priority because of competing health concerns. 30 In addition, Iqbal et al reported that PWHIV who had comorbidities and more annual physician visits were more likely to be up to date with colorectal cancer screening. 13 Like similar findings for breast cancer screening, a lack of contact with the health care system is a significant barrier to screening for colorectal cancer. Finally, of the 2 studies at VA medical centers, 1 study population received primary care solely through their infectious disease physicians, 12 and the other population received primary care through both infectious disease physicians and primary care providers. 14 The former study reported a significantly lower proportion of colorectal cancer screening among the HIV-infected population compared with the uninfected population, whereas the latter study reported comparable screening proportions in the HIV-infected and uninfected populations. These results suggest that the delivery of primary care services by an infectious disease specialist may lead to reduced screening rates. This hypothesis has not yet been studied in the published literature; however, literature from other fields suggests that HIV specialists may focus on HIV control to the detriment of other routine health screening services, such as blood pressure control or lipid monitoring.
31-33
Prostate Cancer Screening in PWHIV/AIDS
The 2 studies that analyzed prostate cancer screening in HIV-infected patients reported discrepant results, likely because of differences in study settings, populations, and cancer screening criteria. The main purpose of the study by Shiels et al was to ascertain whether the low incidence of prostate cancer among PWHIV was because of differential screening. Although the methodologic rigor was high, for the purpose of the current review, it was designated as poor quality, because there was no direct comparison with an uninfected group; instead, external data were used as the comparator for screening in the general population. 16 In addition, that study was conducted in a small cohort of low-income men in 1 US city, making the results less generalizable. In contrast, Marcus et al used HIV-infected and non-HIV-infected individuals from the same study population that had full access to primary care services through Kaiser Permanente. 17 The discrepant results are likely related to the markedly different access to care between the 2 study populations, again indicating that health systems factors (such as insurance status, income level, and access to care) may influence cancer screening more than HIV status alone. Finally, 1 limitation in both studies was the inability to distinguish between a screening PSA test and a diagnostic PSA test, thus the results of both studies likely overestimate prostate cancer screening rates.
Impact of Cancer Screening Disparities
In our review, we observed that, although HIV does not appear to drive disparities in cancer screening for NADMs, many factors that disproportionately affect the US HIV-infected population also affect the likelihood of receiving cancer screening. First, low income level and lower educational attainment are associated with decreased cancer screening. Several studies have indicated that there is a higher prevalence of HIV in areas with low socioeconomic status and higher HIV/AIDS-related mortality in these areas. [34] [35] [36] Consequently, low socioeconomic status exacerbates cancer screening inequalities among PWHIV and could be 1 source of worsened cancer outcomes in this population. In addition, the findings from our review demonstrate that increased contact with the health care system increases the likelihood of receiving cancer screening. This has both a positive and a negative effect on PWHIV. Individuals with HIV who are able to attend regular appointments with their infectious disease physician or primary care provider may be more likely to remain up to date with their cancer screening, in some instances even more so than the general population because of this increased health care contact. However, for PWHIV with low socioeconomic status, the lack of health care accessibility worsens their likelihood of receiving cancer screening. Consequently, improvements in access to primary care for PWHIV are needed to increase the use of high-quality preventive services.
One potential explanation for decreased cancer screening among PWHIV is poor patient compliance despite physician recommendations for screening. Past studies have indicated that patients with HIV are more likely to have adherence challenges because of difficulty remembering appointments, lack of time, low prioritization of non-HIV/AIDS-related disease, and enhanced anxiety toward medical procedures. 30, 37 In addition, a qualitative study that analyzed cervical cancer screening barriers demonstrated that HIV-infected women had lower awareness, limited transportation, and concern over the Papanicolaou smear procedure that prevented them from obtaining recommended cervical cancer screening. 38 Thus, patient challenges and fears regarding cancer screening should be addressed by physicians and further investigated in future studies.
Another important consideration for cancer screening in PWHIV is the younger age at which this Cancer March 15, 2019 population develops cancer compared with uninfected individuals. 39, 40 Patients with HIV/AIDS who are at risk for developing cancer may not be eligible for screening because they do not meet age thresholds devised for the general population. Physicians may want to consider early screening for PWHIV, although limited data are available weighing the benefits and harms of screening in this younger population of PWHIV.
The low prevalence of cancer screening observed among PWHIV raises concerns about the utility of available guidelines and the transitioning physician roles for patients with HIV/AIDS. The HIV Medicine Association has published guidelines for primary care management of PWHIV. 41 However, these guidelines provide HIV-specific, evidence-based recommendations only for cervical and anal cancer screening. Although the guidelines incorporate breast and colorectal cancer screening extrapolated from screening recommendations for the general population, there is no HIV-specific evidence available for these recommendations and no specific screening guidelines for lung or prostate cancer in PWHIV. Without clear cancer screening guidelines for PWHIV, physicians and patients may question the utility and efficacy of screening in this specific patient population. In addition, because infectious disease specialists are increasingly assuming the role of the primary care providers for PWHIV, there is added concern over the appropriate administration of preventative services, including cancer screening. 31 Additional research should focus on optimal screening strategies for PWHIV as well as forming recommendations for the utilization of cancer screening services in this population.
The current review has several limitations. First, our search strategy may have missed relevant articles; however, the systematic approach and review by 2 independent reviewers minimized this risk. Second, direct comparison of data was difficult because of the heterogeneity of study designs, settings, and populations used across the relevant publications. In addition, studies from low-income and middle-income countries, where the burden of HIV is higher than in high-income countries, were excluded. This was done to maximize homogeneity within study groups and to enhance applicability to the HIV population in the United States. Finally, it is possible that screening utilization was not completely captured in the studies analyzed in this review. However, the general population screening rates were comparable to those reported previously in the literature, suggesting that the reported screening rates were appropriately captured.
42-44
CONCLUSION
This review has synthesized findings about non-AIDSdefining malignancy screening trends among PWHIV to investigate disparities and enhance cancer care in this vulnerable population. Although we identified discrepancies on the impact of HIV in the published literature, we consistently observed that several sociodemographic factors disproportionally affecting the US HIV-infected population do affect cancer screening. These factors include insurance-status, income-level, education-level, as well as access to and amount of contact with the health care system. In addition, patient preferences and physician factors may contribute to underutilization of cancer screening services. PWHIV/AIDS are living longer because of improved antiretroviral medications, and they are experiencing a rapidly increasing burden of cancer. PWHIV and cancer have worse cancer outcomes compared with the general population, in part because of their advanced stage at diagnosis. Improvements in cancer screening are urgently needed to provide this population with high-quality cancer care, improve health outcomes, and enhance the quality of life for PWHIV.
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